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SEDIMENTARY STRUCTURES 

Nearly all sedimentary rocks contain sedimentary structures, features that 

developed during or shortly after deposition of the sediment. These 

structures help us understand how the sediment was transported and 

deposited. The most obvious and common sedimentary structure is bedding, 

or stratification—layering that develops as sediment is deposited (Fig. 1). 

Bedding forms because sediment accumulates layer by layer. Nearly all 

sedimentary beds were originally horizontal because most sediment 

accumulates on nearly level surfaces. 

 

Fig. 1Shows stratification beds in Qamchuqa Formation North Iraq. 

Cross-bedding consists of small beds lying at an angle to the main 

sedimentary layering (Figs. 2, 3a). Cross-bedding forms in many 

environments where wind or water transports and deposits sediment. For 

example, wind heaps sand into parallel ridges called dunes, and flowing 

water forms similar features called sand waves. (Figure 3b) shows that 

cross-beds are the layers formed by sand grains tumbling down the steep 

downstream face of a dune or sand wave. Cross-bedding is common in sands 

deposited by wind, streams, ocean currents, and waves on beaches. 
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Fig. 2 Shows cross bedding in sandstone layers. 

a b  

Figure 3 (a) Cross-bedding preserved in lithified ancientsand dunes in Arches National 

Park, Utah. (b) The developmentof cross-bedding in sand as a dune migrates. 

Ripple marks are small, nearly parallel sand ridges and troughs that are also 

formed by moving water or wind. They are like dunes and sand waves, but 

smaller. If the water or wind flows in a single direction, the ripple marks 

become asymmetrical, like miniature dunes. 

In other cases, waves move back and forth in shallow water, forming 

symmetrical ripple marks in bottom sand (Fig. 4). Ripple marks are often 

preserved in sandy sedimentary rocks (Fig. 5). 
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Figure 4 (a) Asymmetric ripple marks form when wind or currents move 

continuouslyin the same direction. (b) Symmetric ripple marks form when waves 

oscillate back andforth. 

 

Fig. 5 Shows asymmetric ripple marks.  

In graded bedding, the largest grains collect at the bottom of a layer and the 

grain size decreases toward the top (Fig. 6). Graded beds commonly form 

when some violent activity, such as a major flood or submarine land slide, 

mixes a range of grain sizes together in water. The larger grains settle 

rapidly and concentrate at the base of the bed. Finer particles settle more 

slowly and accumulate in the upper parts of the bed. 
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Figure 6 A graded bed in Tonga, southwestern Pacific. Larger grains collected 

near the bottom, and smaller particles settled near the top of the bed.  

Mud cracks are polygonal cracks that form when mud shrinks as it dries 

(Fig. 7). They indicate that the mud accumulated in shallow water that 

periodically dried up. For example, mud cracks are common on intertidal 

mud flats where sediment is flooded by water at high tide and exposed at 

low tide. The cracks often fill with sediment carried in by the next high tide 

and are commonly well preserved in rocks. 

 

Figure 7 Mud cracks form when wet mud dries and shrinks. 

Occasionally, very delicate sedimentary structures are preserved in rocks. 

Geologists have found imprints of raindrops that fell on a muddy surface 

about 1 billion years ago (Fig. 8) and imprints of salt crystals that formed as 

a puddle of salt water evaporated. Like mud cracks, raindrop and salt 
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imprints show that the mud must have been deposited in shallow water that 

intermittently dried up. 

 

Figure 8 Delicate raindrop imprints formed by rain that fell about a billion years 

ago on a mudflat. 

Fossils are any remains or traces of a plant or animal preserved in rock any 

evidence of past life. Fossils include remains of shells, bones, or teeth; 

whole bodies preserved in amber or ice; and a variety of tracks, burrows, and 

chemical remains (Fig. 9). 

 

Fig. 9 Show remains of fossils. 
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Metamorphic Rocks 

When rocks are subjected to deep burial, tectonic forces such as folding, and 

high pressures and temperatures, the textures and mineral compositions 

begin to change. This process, called metamorphism, (from the Greek 

words for “changing form”) is the process by which rising temperature and 

changes in other environmental conditions transforms rock sand minerals. 

Usually the metamorphic rock looks quite different from the original rock, 

called the parent rock or protolith. Metamorphic rocks often show flexuous 

patterns of folding that indicate they were soft enough to bend (plastic 

deformation) (Fig. 10). 

 

 

Fig. 10 Shows bending in metamorphic rocks. 
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 Folding is achieved by the application of great pressure over long periods. 

The intensity of the metamorphism increases with increasing temperature 

and/or pressure, and the highest "grade" of metamorphism approaches 

partial melting of the rock, almost completing the rock cycle. 

Factors Controlling Metamorphism 

Temperature and pressure: Temperature and pressure are important 

factors in determining the new minerals that form in a metamorphic rock. 

Different minerals form under different pressure and temperature conditions. 

As pressures and temperatures change, a mineral reaches the edge of its 

stability field and breaks down to form new minerals that are stable in the 

new pressure-temperature field. Higher-temperature minerals tend to be less 

dense than lower temperature minerals. The higher temperatures also speed 

up the chemical reactions that take place during metamorphism. 

Water: The amount of water available for metamorphic reactions and the 

length of time involved are important factors in how quickly and intensely 

metamorphism proceeds. Metamorphic textures and minerals are most likely 

formed over 10 to 20 million years or longer. 

Geostatic pressure: The geostatic pressure, or confining pressure, is the 

pressure that is equally applied to all sides of a deeply buried mass of rock. 

Geostatic pressure increases with depth. 

Differential stress: Differential stress is usually the result of tectonic forces 

applied to a body of rock from different directions. This stress "stretches 

out" the rock mass into an elongate shape (Figure11). Generally, the greater 

the differential stress, the greater the degree of stretching. Components of 

the rock, such as crystals, fragments, or pillow structures, will also be 

stretched out, often to the point where they are difficult to recognize. 
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Fig. 11,Shows the effect of differential stress. 

Compressive stress: In contrast, a compressive stress is applied from 

directly opposite directions and compresses and flattens the rock mass 

(Figure 12). 

 

Fig. 12, Shows the effect of compressive stress. 

Shearing: Shearing is related to differential stress and forces parts of the 

rock mass (usually minerals) to align or grow along a shear plane. Shear 

planes become zones of weakness along which mineral grains are subjected 

to crushing or recrystallization. Water can enter rocks along shear planes, 

which speeds up the metamorphic chemical reactions (Fig 13). 

 

Fig. 13, Shows the shearing forces. 

Foliation: Prolonged compressive stress and differential stress and/or 

shearing forces the mineral grains in a metamorphic rock to form parallel 

layers or bands. This resulting alignment is called foliation (Fig 14). 
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Fig. 14, Shows the foliation. 

New metamorphic minerals crystallize along this foliation. The angle of the 

foliation is related to the direction of the stress and may cross-cut the 

original bedding in the rock. A foliation can be so prominent that the 

original bedding is impossible to identify (Fig 15). 

 

Fig. 15, Shows the foliation and the lineation. 

A rock has a slaty cleavage if it splits easily along abundant, parallel 

foliation planes. A schistose foliation is more massive and is identified by 

coarser-grained minerals that have grown along the foliation planes. A schist 

can also be broken along foliation planes, but they are more widely spaced 

than those in a slate (Fig 16). A gneissic texture is common in intensely 

metamorphosed rocks where pressures and temperatures were so high that 

the rock became plastic, or soft, allowing new minerals to form distinctive 

light and dark bands. 
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Figure 16 When deformation accompanies metamorphism, platy micas orient in a parallel 

manner to produce metamorphic layering called foliation. 

 

Types of Metamorphism 

There are two major kinds of metamorphism : regional and contact. 

Regional metamorphism: Most metamorphic rocks are the result of 

regional metamorphism (also called dynamothermal metamorphism). These 

rocks were typically exposed to tectonic forces and associated high pressures 

and temperatures. They are usually foliated and deformed and thought to be 

remnants of ancient mountain ranges. 

Metamorphic grades: The different groups of minerals or assemblages that 

crystallize and are stable at the different pressure and temperature ranges 

during regional metamorphism are distinguishing distinct metamorphic 

grades, or facies. The grades are usually named for the dominant minerals or 

colors that identify them (Figure 17). 
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Fig 17, shows the metamorphic grade between pressure and temperature. 

In general, proceeding from low grade (lower pressure and temperature) to 

high grade (higher pressure and temperature), the following facies are 

recognized : 

€ Zeolite: low temperature, low pressure 

€ Prehnite-pumpellyite : low temperature, low-medium pressuer 

€ Greenschist: low-medium temperature, low-medium pressure 

€ Blueschist: low-medium temperature, high pressure 

€ Amphibolite: medium-high temperature, medium-high pressure 

€ Granulite : high temperature, high pressure. 

Contact metamorphism: Contact metamorphism (also called thermal 

metamorphism) is the process by which the country rock that surrounds a 

hot magma intrusion is metamorphosed by the high heat flow coming from 

the intrusion. The zone of metamorphism that surrounds the intrusion is 

called the halo (or aureole) and rarely extends more than 100 meters into 

the country rock. Geostatic pressure is usually a minor factor, since contact 
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metamorphism generally takes place less than 10 kilometers from the 

surface. 

Metamorphic Rock Types 

Metamorphic rocks are classified by texture and by mineral composition. 

Foliated metamorphic rocks: If a rock is foliated, its name is determined 

by the type of foliation present and the dominant minerals for example, a 

kyanite schist (Fig. 18, 1). 

1  2  3  

Fig. 18 shows 1-kyanite schist, 2- gneiss, 3-slate  metamorphic rocks. 

 If the minerals are segregated into alternating light-colored and dark-

colored layers, the rock is called a gneiss (Fig. 18, 2). 

Slates are generally fine-grained, dark-colored, metamorphosed sedimentary 

rocks that split easily along slaty foliations and were formed under low-

grade temperature and pressure conditions (Fig. 18, 3). 

Phyllites are slightly more metamorphosed than slates and contain mica 

crystals that impart a glossy sheen (Fig. 19, 1). A schist is coarser grained 

than phyllite or slate and has aligned minerals that can be identified with the 

naked eye. Some varieties of schist are mica (Fig. 19, 2), chlorite schist (Fig. 

19, 3), biotite, kyanite, and talc schist. A schistose rock composed of the 

mineral serpentine is called a serpentinite (Fig. 20, 1). 

1 2 3  
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Fig. 19,  Shows , 1-Phyllite, 2- Mica schist, 3- chlorite schist 

Migmatites form when temperatures are hot enough to partially melt the 

rock. The magma is sweated out, or injected, as layers between foliation 

planes in the rock (Fig. 20, 2). 

1  2  

Fig. 20,  Shows, 1-serpentinite and, 2- migmatite metamorphic rocks. 

Non-foliated metamorphic rocks: If a rock is not foliated, its name is 

derived from its chemical composition. A quartz-rich rock such a sandstone, 

for example, is called a quartzite when it has been metamorphosed. A 

metamorphosed limestone is called a marble. When rocks (especially shales 

and basalts) are affected by contact metamorphism, they often develop a 

texture called hornfels. A hornfels rock is characterized by evenly 

distributed, very fine-grained mica crystals that give it a more massive, 

equigranular appearance. 

 

Fig. 3-21, Shows 1- Quartzite, 2- Marble, 3- Hornfels metamorphic rocks. 


